Abstruct -A Phantom-Embedded Extrapolation Chamber (PEEC) is used for determining absolute dose in Solid Water and bone phantom materials irradiated with photon (cobalt-60) and electron (9 and 15 MeV) beams. The dose is determined using the modified Spencer-Attix cavity theory equation. The restricted stopping power ratios zzFd for Solid Water and bone material are calculated with Monte Carlo simulations of our actual beams. The determination of dose with PEEC is relatively simple and does not involve any troublesome correction factors that are common in determination of dose with standard cylindrical ionization chamber protocols.
I. INTRODUCTION
A Phantom-Embedded Extrapolation Chamber (PEEC)IJ3 is a parallel-plate ionization chamber forming an integral part of a Solid Waterhone material phantom. The chamber is used to determine the absorbed dose in Solid Water as well as bone material directly. The sensitive air-volume of the chamber is varied through the movement of the chamber piston by means of a computer-controlled micrometer mounted to the phantom body. The relative displacement of the piston is controlled with a precision of the order of 2.5 pm.
The Spencer-Attix air cavity relationship for the dose 0-in phantom is given as follows:
where Q is the charge collected under saturation conditions in the chamber sensitive air mass m, Fair is the mean energy required to produce an ion pair in air (33.97 J/Q5, and z2Fd is the ratio of restricted collisional mass stopping powers of the medium and air for the electron spectrum at the position of the air cavity. The sensitive air volume is assumed to satisfy the Bragg-Gray cavity condition which stipulates that the cavity is sufficiently small so that its presence does not perturb the charged particle field in the medium. Restricted mass stopping powers are averaged over the slowing down spectrum of all generations of electrons having kinetic energies in the range between a low energy limit A and the maximum electron energy. The value of A is generally taken as the minimum kinetic energy (e10 kev) required for an electron to be able to traverse a typical Bragg-Gray air cavity of 2 mm.
For a small air cavity the Q/m ratio of Eq. (1) is a constant as a function of the air mass m, so that it can be replaced by a relatively easily measurable quantity, dQ/dm. For a parallel plate chamber, m is given by pzA, where p is the density of air in the cavity corrected for temperature and pressure (Eq. (2)), A is the effective area of the measuring electrode, and z is the separation between the polarizing and measuring electrodes. 
With the extrapolation chamber the calculation of the absolute dose at a given depth in a heterogenous phantom is simple and based on first principles using the slope of the measured & k~~s k i and Podgorsak''23 have h w n that this ionization as a function of the electrode separation (i.e., a uncalibrated variable air-volume extrapolation chamber can be function of the sensitive air volume). used for radiation dosimetry with an accuracy similar to that obtained with calibrated ionization chambers used in
The derivative is the slope ofthe Q VS-relationship.
conjunction with radiation dosimetry pro to col^^*^. In this note we report the expansion of the use of the PEEC from Solid Water to bone equivalent phantom material.
MATERIALS AND METHODS

A. PEEC MEASUREMENTS
The PEEC chamber is made of two tissue equivalent materials: Solid Water, model 457 and bone, model SB3
(Gammex-RMI, Middleton, WI). The chamber can accept removable pistons and entrance windows made of the two phantom materials. The extrapolation chamber has a variable air volume that is produced by the relative motion of the electrodes. The motion of the piston is controlled by a micrometer linked to a stepping motor interfaced to a personal computer. The position is controlled to a precision of 2.5 pm and is calibrated to account for possible hysterisis effect of the micrometer.
Following the standard ionization chamber configuration, the measuring electrode of the chamber was connected to ground The electrode area A is determined by an electrical method. The capacitance C of a parallel plate ionization chamber, with sufficiently large guard and collecting electrodes, is given by: f?om which the effective collecting electrode area is calculated.
The ionization gradient dQ/dz of Eq. (3) is determined from a measured Q vs. z relationship. A typical example of this relationship in the relative electrode separation range from about 0 to 3.5 mm is shown in Fig. 3 for the 9 MeV electron beam. The chamber readings were corrected for the chamber recombination losses, and the saturation charges shown represent the mean values for positive and negative chamber polarities. A least-squares fit to the measured data in this range yields a straight line. MeV beams respectively). The depths of dose maximum were found from percent depth dose measurements and were also confirmed by Monte Carlo simulations. The depths were achieved by placing slabs of the desired material on top of the chamber and considering the thickness of the entrance window (2 mm), assuming the measurement point to be at the polarizing electrode.
Proceedings of the 22"d Annual EMBS
B. MONTE CARLO SIMULATION
Monte Carlo simulations were carried out with the BEAM' system to model the T-780 cobalt 60 treatment head and the Varian Clinac-18 for the 9 and 15 MeV electron beams. The "phasespace" data files obtained from the simulations were used as input for the DOSXYZ and the SPRRZ9 EGS4 user code". The DOSXYZ program was used to calculate the relative percent depth dose curves for Solid Water and bone equivalent material for each beam, The same phase space and history number were used for the two simulations (in Solid Water and in bone material) in order to compare the relative dose at depth of dose maximum d, -. About 15 million of histories were required to obtain a relative error less than 0.5%. The dose at d,, in bone for the cobalt-60 beam is 3% lower than the dose at d,, in Solid Water, whereas for the two electron beams the dose in bone is 3% higher than the dose in Solid Water.
The SPRRZ program with a A of 10 keV calculates realistic mean restricted stopping power ratios for our beams. Typically, 200 000 histones were required to achieve a relative error of less than 0.5% on the restricted stopping power ratios. 
Iv. CONCLUSIONS
We have shown that an uncalibrated air volume extrapolation chamber can be used reliably in measuring the absolute dose not only in Solid Water but also in other clinically relevant materials for which not many simple techniques are available. The design and operation of the PEEC chamber is simple and no troublesome correction factors are require to account for chamber wall properties, and for-perturbation of the secondary charged particle fluence.
